Background: This study sought to determine the association between levels of physical activity and mobility difficulties and time to death while accounting for the effect of several confounders. We also examined the possible interaction between them and how various daily-life mobility difficulties could predict all-cause mortality. Methods: A nationally representative sample of 2,074 noninstitutionalized adults aged 60 years and older was analyzed. Vital status over a 3-year follow-up period was ascertained through national registers or by asking participants' relatives. Kaplan-Meier survival curves were stratified by levels of physical activity and mobility difficulties. Unadjusted and adjusted Cox proportional hazards regression models (by age, gender, marital status, years of education, multimorbidity, tobacco and alcohol consumption, depression, and memory function) were calculated, and interactions between the predictors and the covariates were explored. Results: There was a dose-gradient effect of physical activity on time to death, with high levels associated with a 51% lower risk of dying, compared with moderate physical activity. Each unit increase in mobility functioning was associated with a 2% drop in mortality. Difficulties in standing for long periods, getting where one wants to go or extending arms to reach objects, were also found to be strong predictors of all-cause mortality. Conclusions: Our results confirm the importance of older adults practicing moderate-to-vigorous physical activity. The assessment of selfreported difficulties in daily-life mobility activities, such as standing for long periods or not being able to move around, could be used in health settings as a screening for mortality risk.
With increased life expectancy and a decrement in birth rates, the population is aging fast. Thus, comprehensive responses are needed to guarantee health and the sustainability of economic systems (1) . In old age, chronic illnesses and consequent functional limitations are common and increase the risk of mobility decline, which might result in home confinement (2) . Social engagement and daily-life activities can therefore be seriously affected, negatively affecting life satisfaction and quality of life. Promoting physical activity (PA) and increasing mobility appear especially beneficial for independent living in older adults.
Recent reports show that mobility is the most common disability among older Americans (3) and that it is a strong predictor of mortality (4) . Most studies on mobility difficulties refer to difficulty in walking, either by self-reported measures or by using standardized walking tests (5) . Those who report difficulty in walking two to three neighborhood blocks (6) are in poorer health and have lower levels of overall functioning than those who do not report such difficulty (4) . However, performance-based measures may not capture the challenges that older adults have to face in their daily life. Other activities causing mobility difficulties, such as picking things up, carrying bags of groceries, or standing up for several minutes, are common among older adults and might compromise their independent living (7) .
Practicing PA on a regular basis can also reduce the risk of allcause and cardiovascular disease mortality (8) . In a recent meta-analysis, an inverse association was found between walking and cycling and risk of all-cause mortality in healthy adults (9) . In older adults, several studies have shown the beneficial effect of PA on health and well-being (8, 10) , with a dose-gradient effect. Most studies show that PA is beneficial in preventing premature mortality (11, 12) , although some others suggest that intense PA in older adults may be counterproductive (13) . More research is needed to determine whether distinct levels of PA have different effects on mortality in older adults.
This study sought to determine the impact of mobility difficulties and PA on time to death in a nationally representative sample of older adults while accounting for the presence of potential confounders. Since most of the relevant literature mainly focuses on walking difficulties, we also looked at the impact of several types of mobility difficulties on all-cause mortality, such as getting out of home, using transport, or standing up. The modifying role of covariates, such as gender, age, or multimorbidity, was also determined by analyzing interactions.
Study Sample
This study used data on Spain from Collaborative Research on Ageing in Europe (COURAGE) (14) , a longitudinal household survey of the noninstitutionalized adult population. The first wave took place between 2011 and 2012 and the second between 2014 and 2015. A stratified multistage-clustered design was used. People aged older than 50 and 80 years were oversampled. A total of 4,753 persons aged 18 years and older participated at baseline with a final response rate of 69.9%. Of these, 2,573 were aged at least 60 years at the time of the interview. The present analyses focused on the latter group. If respondents had noticeable cognitive deterioration that prevented them from following the interview properly, a shorter version was administered to a proxy respondent. These proxy interviews (n = 154) were excluded. We also excluded participants with some missing values in at least one or more covariates at baseline used in the analysis (n = 345), resulting in a final subsample of 2,074 individuals aged 60 and older.
Participants were interviewed at home by lay, trained interviewers using Computer-Assisted Personal Interviewing (CAPI). The survey protocol was originally designed in English and translated into Spanish following World Health Organization (WHO) translation guidelines for assessment instruments (15) . Informed consent was obtained from all participants, and ethical approval was granted by the Ethics Committee at Hospital Universitario de la Princesa (Madrid) and Parc Sanitari Sant Joan de Déu (Barcelona).
Measures

Physical Activity
PA was measured using the Global Physical Activity Questionnaire version 2 (GPAQ) (16) . It contains 15 items on the frequency and duration of vigorous or moderate intensity in three domains: work, transportation, and discretionary activity (leisure or recreation) as well as an additional item on time spent sitting on a typical day. Vigorous activities were defined as those that require hard physical effort and cause a large increase in breathing or heart rate for at least 10 minutes continuously. Moderate activities include those requiring moderate physical effort and cause smaller increases in breathing or heart rate for a minimum of 10 minutes continuously. Respondents were given show cards with local examples of typical PAs related to work and leisure/spare time. Data were cleaned and analyzed based on the analysis protocol developed by the WHO (17) . All durations were converted into minutes and PA converted into METs (Metabolic Equivalents), defined as the energy cost of sitting quietly and equivalent to a caloric consumption of 1 kcal/kg/h. Four METs were assigned to the time spent on moderate activities, and 8 METs to the time spent on vigorous activities. Three categories were then created to indicate level of PA: (a) high (including vigorous activity on at least 3 days, representing a minimum of at least 1,500 METmin/wk or 7 or more days of any combination of walking, moderate, or vigorous activities representing a minimum of at least 3,000 MET-min/wk); (b) moderate (3 or more days of vigorous activity of at least 20 min/d or 5 or more days of moderate activity or walking of at least 30 min/d or 5 or more days of any combination of walking, moderate, or vigorous activities reaching a minimum of 600 MET-min/wk); and (c) low (a person not meeting any of the above-mentioned criteria).
Mobility
Participants reported the overall difficulties they had experienced in the previous 30 days in 15 different situations related to mobility, choosing from (1) "none," (2) "mild," (3) "moderate," (4) "severe," and (5) "extreme/cannot do" (see Table 3 ) (18) . The internal consistency of the 15 items was high, with a Cronbach's alpha of .94 and an average inter-item correlation of .53. Once evidence of unidimensionality was obtained, a confirmatory factor analysis was conducted with the statistical package Mplus Version 7 (19) to obtain a factor score. The Weighted Least Squares Mean and Variance (WLSMV)-adjusted estimator for categorical variables was used and the latent score was converted into a 0-100 scale, with higher scores indicating better mobility. The total score was non-normally distributed (p < .001), presenting a negative skewness (−0.98) and a kurtosis equal to 2.89.
Each item was dichotomized using the categories "none" and "mild" as no difficulties in the previous 30 days and "moderate," "severe," and "extreme/cannot do" as presence of difficulties in that particular activity.
Other Covariates
Sociodemographic information at baseline included age, gender, years of education, and marital status (single, married or currently cohabiting, separated or divorced, and widowed). Respondents reported whether they were current smokers (yes/no) and described their alcohol-consumption pattern (lifetime abstainers-category of reference, occasional drinkers, and frequent drinkers). Participants were asked to recall a list of ten words three times immediately and once after a short delay (Consortium to Establish a Registry for Alzheimer's Disease) (20) . A composite score was computed (from 0 to 40), with higher scores indicating better verbal episodic memory. Respondents provided information on whether they had been diagnosed with depression in the previous 12 months and answered an adapted version of the World Health Organization Composite International Diagnostic Interview (CIDI) (21) . A participant was considered to have depression by self-report or through a DSM-IV algorithm (22) . A combined method, consisting of self-reported physician diagnosis and/or symptom-based algorithms (22) , was used to assess the following medical conditions: arthritis, asthma, chronic obstructive pulmonary disease, angina pectoris, stroke, hypertension, and diabetes. For diabetes, only a self-reported diagnosis was considered. The presence of hypertension was based on self-reported diagnosis or presence of systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg (23) . The number of chronic conditions (CC) was calculated (0, 1, 2, and 3 or more CC).
Mortality
The National Death Index, a civil registry for all Spanish residents, was used to ascertain the vital status/date of death for all participants before the second wave took place (March 2014). Vital status was also updated during household visits in the follow-up assessment by asking respondents' relatives. A final update was conducted on June 30, 2015 by once again consulting the National Death Index.
Statistical Analysis
Unweighted frequencies, weighted proportions, and means were used for descriptive analyses. The mobility score (0-100) was dichotomized into high and low using the 25th percentile, with scores equal to or lower than the percentile considered as low mobility. Distinct levels of PA (high, medium, and low) and mobility (high and low) were compared using the Rao-Scott chi-square test statistic (which adjusts for complex sample design) (24) for categorical variables and one-way analysis of variance test for continuous variables. Kaplan-Meier survival curves and log-rank test statistics were used to estimate the time to death (from the first interview) stratified by levels of PA and mobility. Participants who were alive at the end of the observational period (June 30, 2015) were censored.
Cox proportional hazards regression models were conducted to explore the association between levels of PA and mobility (as continuous) and risk of all-cause mortality. Univariate models were presented. The adjusted model included PA and mobility plus sociodemographic variables (gender, age, and years of education) and other potential confounders that have previously been linked to mortality: depression (25) , tobacco (26) , alcohol (27) , memory function (28) , and marital status (29) . Interaction between PA and mobility was explored in the adjusted model, as well as the interaction between these two factors and the remaining covariates. No interaction terms were significant, and models were estimated without them. In order to explore which mobility item was more strongly associated with time to death, Cox proportional hazards regression models were run, including only one item from the mobility questionnaire at a time (to avoid multicollinearity) and adjusting for PA and the aforementioned covariates. Hazard ratios (HR) with their 95% confidence intervals (CI) are presented. The assumption of proportionality was examined by calculating plots of the cumulative hazard functions across the independent variables. Evidence of violation in the assumption was not found.
To determine the possible bias introduced by reverse causality (ie, pre-existing poor health status leading to diminished PA or poor mobility and premature death), we replicated the analyses among participants who survived for at least 90 days.
All analyses were performed using Stata version 13 for Windows (SE version 13, College Station, TX), taking into account the complex sampling design. Weights were used to adjust for differential probabilities of selection within households, and poststratification corrections to the weights were made to match the sample to the sociodemographic distributions of the Spanish population. Statistical significance was set at a p < .05. Table 1 shows the baseline characteristics of the whole sample (N = 2,074), and by levels of PA and mobility. A total of 26.1% of participants were engaged in high PA each week, whereas 33.8% had low levels of PA. The majority presented high levels of mobility (74.7%). There were significant differences between high, moderate, and low PA in several characteristics. For instance, there were more women, widows, and depressed people in the low PA group, compared with the high and moderate groups (p < .001). The number of deaths was significantly higher in the low PA group (9.9%), whereas it was only 3% among people who practiced high levels of PA (p < .001). When comparing the high and low mobility groups, we also observed significant differences; people with low mobility were older, female, widowed, less educated, and more depressed, with a greater number of CC and lower levels of memory function at baseline (p < .001). The proportion of current smokers and frequent drinkers was lower in the low mobility group. Some 12.7% of people with low mobility had died by the end of the study, compared with 4.6% among those with high mobility (p < .001).
Results
The Kaplan-Meier estimated curves (Figure 1) show that the probability of survival was significantly lower among those with low mobility, compared with people with high mobility. There was also a gradient effect of PA on survival. Participants who engaged in high PA were more likely to survive than those in the other groups. Older adults who did not practice PA had the highest probability of death. Table 2 presents the unadjusted and adjusted HRs and their 95% CI for mobility (as a continuous variable) and the three levels of PA. The unadjusted models show that for each unit increase in mobility, the risk of mortality is reduced (HR = 0.98, 95% CI = 0.96-0.98, p < .001). Compared with people with high PA, moderate PA (HR = 2.14, 95% CI = 1.16-3.94, p < .05) and low PA (HR = 3.39, 95% CI = 1.81-6.33, p < .001) were significantly associated with greater mortality risk. One covariate related to higher risk of death was having three or more CC, whereas having a good memory at baseline decreased the probability of death.
When adjusting for all covariates at the same time, mobility still remained significantly associated with a 2% reduction in the risk of mortality per each unit increase (HR = 0.98, 95% CI = 0.97-0.99, p < .001). Compared with intense PA, moderate PA was significantly associated with a 102% higher hazard of dying at any time (HR = 2.02, 95% CI = 1.11-3.66, p < .05), whereas low PA was no longer associated with time to death. Other covariates that remained significantly related to death were age, being female, and being a frequent drinker. The last of these was significantly associated with lower risk of mortality (HR = 0.55, 95% CI = 0.32-0.93).
When analyzing particular mobility difficulties, we observed that half of the sample reported difficulties in the previous 30 days in doing vigorous activities; 41.7% in stooping, kneeling, or crouching; Note: 95% CI = 95% confidence interval; CC = chronic conditions; PA = physical activity. Memory score ranged from 0 to 40; unweighted frequencies, weighted proportions, and means.
and 39.4% in carrying things ( Table 3 ). The majority of the sample could pick things up with their fingers. Walking long distances, such a kilometer, was a problem for 31.6% of participants. The adjusted HRs (Figure 2) showed that the mobility difficulty most strongly associated with mortality was standing for long periods (such as for 30 minutes; HR = 2.62, 95% CI = 1.71-4.10, p < .001), followed by extending the arms above shoulder level (HR = 2.33, 95% CI = 1.48-3.67, p < .001) and getting where one wants (HR = 2.22, 95% CI = 1.33-3.70, p < .01). Having difficulties in walking 100 m was not significantly associated with time to death. The analyses conducted with those who survived more than 90 days (n = 2,061) yielded similar results. The adjusted HR for mobility scores was 0.98 (95% CI = 0.97-0.99, p < .01). However, compared with high levels of PA, neither moderate nor low PA was significantly associated with risk of dying.
Discussion
Our findings show that in older adults, practicing high levels of PA and having good mobility function were related to a lower risk of dying over a 3-year follow-up period, after accounting for the effect of sociodemographic characteristics, physical and mental health, tobacco and alcohol consumption, and cognitive function. Practicing high PA is associated with a 51% lower risk of mortality (HR = 0.49, 95% CI = 0.27-0.90, p < .05) compared with moderate PA, whereas for each unit increase in mobility, the risk of mortality is reduced by 2%. To the authors' knowledge, this is the first study to show that having difficulties in common daily-life activities, such as standing for long periods, getting where you want or extending arms to reach objects, are strong predictors of mortality above and beyond the effect of multiple confounders.
Our results suggest that being engaged in regular and intense PA may be related to greater survival of older adults. This is in concordance with the literature, demonstrating that practicing sports or doing PA is protective against death (30, 31) . Even though vigorous activities could exert deleterious effects on older adults' health (13), we found that there is a positive gradient effect on time to death, with the strongest protective effect among participants engaged in Note: 95% CI = 95% confidence interval; CC = chronic conditions; HR = hazard ratio. In bold, significant HR. Mobility score ranged from 0 to 100 and memory score from 0 to 40. *p < .05; **p < .01; ***p < .001.
1,500 MET of vigorous activity per week or 3,000 MET per week of moderate-to-vigorous PA. The Physical Activity Guidelines Advisory Committee Report recommends a minimum of 150 minutes of moderate PA or 75 minutes of vigorous PA per week, or a combination of moderate and vigorous PA (32) . Despite the benefits of practicing high levels of PA, most older adults are not able to achieve 150 min/ wk, as it may be too demanding. In our sample, half of the participants reported moderate-to-extreme difficulties in the previous 30 days in doing vigorous activities. Health problems can be a barrier to practicing intense PA. A recent meta-analysis pointed out that lower doses of moderate-to-vigorous PA can result in a 22% reduction in mortality risk. Therefore, promotion of lower doses of moderate or vigorous PA among the elderly adults can have beneficial effects if those activities are not too strenuous (33) . It is noteworthy that after adjusting for covariates, only the positive effect of high PA compared with moderate PA remained significant. It is possible that the negative effect of physical inactivity on the risk of death is explained by other confounders or mediators, such as poor health status, low mobility, or cognitive deterioration. Prolonged sitting could also affect survival in older adults, independently of PA (34, 35) . We looked at the effect of time spent sitting or lying down on a typical day and found that longer periods of sitting were significantly associated with a higher risk of dying, after adjusting for mobility, PA, and other covariates. We also found no interaction between sitting and PA and the effect of PA and mobility on the risk of death was not changed after adjusting for sitting (data not shown but available on request). It has previously been suggested that the effect of PA might differ according to mobility status. Older people with no mobility difficulties might be totally inactive, whereas people with mobility difficulties might be physically active. Hirvensalo and colleagues (36) found that, among people with impaired mobility, those practicing PA were at lower risk of death than inactive people. However, we did not find an interaction between mobility and levels of PA, indicating that both are independent predictors of mortality. Other possible modifying factors were explored but with negative results. Ramalho and colleagues (31) , for instance, found in a Brazilian cohort of older adults that increased levels of PA were associated with reduced mortality risk in men but not in women, whereas our results showed no differences between men and women. Future research is needed to clarify the role of potential modifiers such as gender, age, or mental and physical health status.
Mobility difficulties have been shown to be a predictor of mortality (37) . Poor health conditions, cognitive deterioration, or depression might compromise mobility among elderly people (38, 39) and therefore explain the association between mobility difficulties and mortality. However, we found that difficulty in daily-life moving activities increases the risk of death above and beyond the effect of physical and mental health, cognition, or sociodemographic characteristics. The majority of previous studies focused on difficulties in walking certain distances (such as 1 km) or gait speed (9, 40) . Our results demonstrate that walking difficulties are not strongly related to time to death after controlling for the effect of covariates. Rather, we found that there are other mobility difficulties that appear as strong predictors of dying, for example, those older adults who report difficulties in standing for long periods (eg, 30 minutes) have 2.62 times more risk of premature death. Difficulties in these daily-life activities can be routinely assessed in general practice or during nurse visits and be valuable predictors of premature death in the general population. Our study has some limitations. Older people who practice moderate-to-vigorous PA are more likely to be healthier and therefore able to do sport, whereas persons with poor health or a disabling condition are more likely to be sedentary. Therefore, a spurious relationship between PA and mortality could be explained by the health status of the person. Similarly, mobility difficulties could be related to poor health conditions that might, in turn, increase the risk of mortality. However, our results show that the effects of PA and mobility remain significant after adjusting for multimorbidity and depression, which suggests our findings are sound. Another limitation is the short follow-up period. Persons who died soon after the first assessment might have presented an occult disease, resulting in a confounding effect. However, secondary analysis, excluding those participants who died in the first 90 days, did not materially alter the results. Furthermore, analyses were adjusted for number of CC and depression at baseline, as previously noted. PA and mobility were based on self-report, and could therefore be affected by subjectivity. Previous studies have shown that self-reported PA and mobility are valid measures, similar to standardized assessments (41) . Finally, it is possible that the potential covariates that were analyzed as modifiers or other covariates that were not included, such as quality of life, could be acting as mediators. Future research should analyze the mediating pathways between PA, mobility, and risk of mortality.
Conclusions
Practicing high levels of PA and having good mobility are both significant predictors of survival among older adults, and their effects are independent of physical, cognitive, and mental health functioning. The majority of previous studies focus on walking difficulties. However, those older adults who present moderate-to-extreme difficulties in doing daily-life activities that require movement, such as carrying bags or reaching objects, are at higher risk of dying. Maintaining the ability to do these activities can contribute to improving independent living and quality of life among older adults, and also increase their life expectancy. 
